Introduction
Everyone alive in this world is constantly being exposed to ionizing radiation and about 18% exposure is due to man-made source [1, 2] . There is likely to be a risk to patients" health in investigations that involve ionizing radiation. The US National Council on Radiation Protection and Measurement had reported that medical x-rays and nuclear medicine account for only 15% of all radiation exposures [1, 2] . Similarly, in the UK, estimated 100-250 deaths occur each year from cancers directly related to medical exposure to radiation [1, 2] . More concern has recently been aired in recent studies that the knowledge of referring doctors about radiation doses incurred during diagnostic radiological procedures is deficient [1] [2] [3] [4] . Such information may be of particular relevance when the expansion of imaging technology is considered. The advent of multi detector row CT (MDCT) has allowed for faster imaging and the use of more complex imaging protocols. In turn, this has led to a rise in the number of CT examinations performed per annum and consequently in the amount of radiation to which patients are exposed [5, 6] . A survey from one large American institution in 2002 estimated that CT may account for only 15% of the procedures performed in a radiology department, yet it is responsible for up to 75% of the medically administered radiation dose to the population [7] . Contemporary studies from the UK [8, 9] and Norway [10] , in 2004 and 2007, respectively, quoted figures of 47% and 59% for the collective medical radiation dose to the population from CT examinations.
In children, the lifetime cancer risks resulting from exposure to radiation are higher than those in the adult population [11] . A British survey in 1989 showed that 4% of all CT examinations were performed on children younger than 15 years of age [12] . However by 1999, this figure had risen to 11.2% [13] .
In addition, investigators continue to express concern that CT parameters are not always adjusted to take into account the age and varying sizes of pediatric patients [14, 15] , with children frequently being imaged using adult CT protocols [14, 16] , thus exposing them to an unnecessarily high radiation dose as a consequence. Previously published surveys in the literature have illustrated that radiation dose is not an important consideration for clinicians when they refer their patients for diagnostic radiological examinations [17] and that, when asked, they tend to underestimate the radiation dose that patients receive [18, 22] .
With regard to the situation in Ethiopia, there was no information available on the subject. There is no study done on the issue so far to our knowledge. With these facts in mind, we undertook a survey of medical doctors working in Tikur Anbessa Specialized Teaching Hospital (TASH) to evaluate their knowledge of the radiation doses their patients receive during some of the more common radiological procedures requested. 
II. Methods

Study design and settings
Sample size & sampling
There were 76 medical interns, 5 GPs, 97 consultants and 234 residents in the various departments of the medical faculty of AAU making the study population. Systematic random sampling method was employed taking the physician in each department as a study unit. All the physicians in each department who were on duty during the study period were given serial numbers. One out of three physicians was sampled by systematic random sampling technique to obtain a sample size of 135 physicians using the formula N/k = n where N is the target population and k is every third interval and n the assumed sample size.
Data collection procedure
Data were collected using anonymous, well structured pretested self administered questionnaires in multiple choice formats, with responders ticking the correct answer for each question from a choice of possible answers. Questionnaires were distributed to each of the doctors selected and returned within a week of submission.
Variables and Coding-
Various variables like socio-demographic data, field of specialty and specific questions to determine knowledge of background radiation exposure, the dose and risks of various radiologic procedures to which a patient is exposed during various radiologic investigative modalities at TASH were included in the questionnaire. Finally, the doctors were asked if they knew the lifetime risk of inducing a fatal cancer from the same list of examinations. Knowledge about radiation was assessed using questions. Some of the questions used include: 1. How much radiation does a patient absorb during chest x-rays? With response categories indicating different doses. 2. Do you think that x-ray can cause abnormality? With response categories as yes, no, and do not know.3. Do you advise patients and your colleagues to limit the use of x-rays? With response categories coded as yes or no. Correct responses were scored as having one point and wrong responses, do not know or blank responses were given no point or "0" making a total of 19 points. Mean scores of the scored points were then analyzed
Data analysis procedure
The data were entered into SPSS version 15.0 software and the results were analyzed. Distribution of variables was assessed using descriptive statistics. In addition, parametric tests were performed to examine differences between physician groups in their responses to knowledge and awareness questions.
Ethical consideration:
Information sheet explaining about the objectives of the study and the benefit of the research findings to patients undergoing radiologic investigation in particular and advancement of medical science in general was provided to each study subject before submitting the questionnaire. A brief consent form was also submitted to the study participants and those who consented were provided with the self administered questionnaire. Data collection was anonymous and the investigators did not provide any individual information to a third party. The proposal was submitted to the Institutional Review Board (IRB) of the medical faculty for ethical clearance
III. Results
Among the 135 questionnaires distributed 114 were filled and collected. The age of the respondents ranged from 21 to 50yrs. Among the respondents 19 were female & 95 male.
A total of 114 questionnaires were returned giving a response rate of 85%. The responding doctors included 18 consultants, 61 residents, 33 medical interns & 2 GPs (Table1).
Concerning the specialty of the respondents 12 were from radiology, 15 from Internal medicine, 14 from Surgery, 10 from Gynecology/Obstetrics, 9 from Pediatrics, 1 from Orthopedics, 18 were Consultants, & 35 had no Specialty (i.e. Interns & GPs) ( Table 2) .
Thirty out of 114 doctors (26%) achieved a score of 9 or more marks out of 19. The mean score achieved was 7.1 out of 19, and the median score was 8.0. The mean score for consultants was 7.3, whereas the mean score for those formal training was 14.2. No respondent gave correct answers to all of the questions asked.
Only 21 doctors (18.4%) correctly identified the effective dose of a chest radiograph (Table-3 ). Thirtytwo (32) (28.1%) correctly identified how the effective dose of a chest radiograph compared to the annual dose received from background radiation (Table 4) .
Six respondents (5.3%) were incorrect in their assumption that ultrasound examinations involved the use of ionizing radiation, whereas 8 (7.1%) mistakenly thought that an MR study of the brain (with contrast) used ionizing radiation. 33.3% did not know about radiation dose and risk associated with it (Table-5), and 3 doctors mistakenly thought an MRI of the brain with iv contrast utilized more radiation than the dose they estimated for an unenhanced MRI of the brain while 31.6% had no idea.
The lifetime risk of inducing a fatal cancer from an abdominal CT examination is estimated to be 1 in 2000 for an adult patient [22] ; however, only 10 doctors (8.8%) appeared to be aware of this association. Seventeen doctors (14.9%) erroneously replied that a CT scan of the abdomen had a lifetime risk of inducing a fatal carcinoma of less than 1 in a million ( Table-6 ).
Twelve doctors (10.5%) had received some kind of formal training about ionizing radiation. None of the twelve doctors achieved a score of less than13 out of 19. Statistical analysis of these data showed that the difference in the distribution of scores between those having formal training and those without training is significant, with the distribution of scores showing that training led to a greater proportion of higher scores. Doctors who had received formal training in ionizing radiation appeared to recognize, for example, that an abdominal X-ray examination involved significantly more radiation than a chest radiograph, with 7 out of 12 (58.3%) responding that the dose was 10-50 times that of a chest radiograph, compared with 19 out of 102 (18.6%) in the ""no formal training"" group .
IV. Discussion
Various studies had documented deficiencies in knowledge among medical students, doctors, paramedics and dentists about their understanding of ionizing radiation or the use of equipment involved in the process [19] [20] [21] [22] . Our survey also shows that clinicians" awareness of the radiation doses imparted during common diagnostic imaging procedures, and the consequent risks to the individual patient, is poor .It demonstrated that those who have had formal training about ionizing radiation have a greater awareness of the risks involved, compared with those who have had no training. Furthermore, it showed (as one would perhaps hope) that residents in radiology were more familiar than their clinical colleagues from other specialties about radiation doses and risks. This may of course simply reflect that radiologists have ready access to the appropriate information, as well as the training that they have received about ionizing radiation, which could assist in answering the questions.
The deficiency in knowledge of a medical doctors might alter the expected benefits compared to the risk involved, and can affect medical decisions. Therefore, this study emphasizes the need for all health providers to equip themselves with current and appropriate information about ionizing and non-ionizing radiation. Along with providing objective facts, they must also address the emotional needs of patients. Appropriate educational efforts combined with effective communication skills resolve errors in judgment that are linked to inadequate or inaccurate information. Explaining implications of radiation should be considered as vital by every health professional, along with efforts to maximize basic radiation protection. Healthcare providers should basically understand the basic physics, chemistry and biology of radiation in order to effectively impart and communicate facts about it as well as promote and practice appropriate protection measures. An adequate response should be given to any question raised by patients. Moreover, an effective medical education model should be developed in medical schools and health training institutions to address the knowledge gap currently seen in clinical practice.
Patient education about radiation should be part of the responsibility of healthcare providers. This study concludes that the majority of medical doctors at Tikur Anbessa Specialized Teaching Hospital have a very limited knowledge regarding radiation source, risk and essential protection. Misconceptions about exposure and risk were also observed in the medical community of the hospital. One can hardly refrain from extrapolating that the problem affects the wider healthcare provider community nationwide in view of the fact that the teaching hospital is the source of most of the professionals practicing in the country. It is identified that a major curriculum revision of both undergraduate and graduate medical education regarding awareness on radiation is mandatory to improve this deficiency.
This study has limitations in terms of generalization from a limited sample size. We have not stratified samples into categories to see the differences in the level of knowledge among categories of physicians.
V. Recommendation
There is a need to re-educate clinicians about (i) ionizing radiation relevant to medical imaging, and (ii) their clinical role to provide accurate information to their patients, and (iii) the potential hazards associated, as well as (iv) The proper execution of protective measures. (v)Medical education curricula may need revisiting regarding the safe use and hazards of radiation. (vi) Further studies on a larger scale, with the inclusion of attitude and practice components, involving both healthcare providers and consumers may be required for more solid information on the issue. 
